This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Km 



■i 



09) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europgen des brevets 





(12) 



(43) Date of publication: 

07.08.1996 Bulletin 1996/32 



. EP 0 724 860 At 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 6 : A61B 5/024 



(21) Application number: 96101609.4 

(22) Date of filing: 05.02.1 996 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 03.02.1995 US 383106 

(71) Applicant: SPACELABS MEDICAL, INC. 
Redmond, Washington 98073 (US) 



(72) Inventor: Hartwig, Robert W. 

Tacoma, Washington 98422 (US) 

(74) Representative: Grunecker, Kinkeldey, 
Stockmair & SchwanhSusser 
Ahwaltssoziet5t 
Maximilianstrasse 58 
80538 MQnchen (DE) 



(54) Self-aligning photoplethysmograph sensor 

(57) A self-aligning photoplethysmograph sensor 
(30) includes a flexible, resilient web loop (32) haying a 
circumference smaller than the circumference of a body 
part on which the photoplethysmograph sensor is to be 
used. The loop (32) is formed by an inner loop of a resil- 
ient material covered by an outer loop of fabric. A red 
light emitting diode (34), an infrared light emitting djode 
(30), and a light detector (40) are mounted on the inner 
surface of the inner loop with the light detector directly 
opposite the light emitting diodes. As a result, when the 
loop is placed around a finger (F), light emanating from 
the light emitting diodes shines through the finger and is 
incident on the light detector. A pair of conductive leads 
(44,48) bonded to the inner surface of the inner loop 
extends in a serpentine manner from each of the light 
emitting diodes and the light detector to a cable junction 
(46) on the outer loop. A cable (50) has a respective plu- 
rality of wires that are connected at one end to the con- 
ductive leads and at the other end to respective pins 
(54) of a cable connector (52) that is mounted on the 
other end of the cable. 
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Description 

Torhniral Field 

This invention relates to photoplethysmograph sen- 
sors and^ore particularly to a transmissive pho op- 
f^miaph s'ensor that * ** 

emitter in alignment with its hght detector. 
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p^g rmmrt of t^o Indention 

Photoplethysmograph sensors are ^o-o P tical 
devices that are commonly used in the medical f,e.dto 

sense a variety of P^^^SSTScS^ 
^hwcmnnranh sensors use a light emitter optically wu 

the emrtted light atter it passes through the tssues^ A 
cTrr^nphc^oplethysmograph 
trv sensor that uses both a red light emitting diode ana 
Z £ Hight emitting diode, both ol which are cou- 
oled to a photodetector through vasculanzed tissue* 

tussive sensors. Reflective sensors direct «* 

Serrand light detectors that are P-^-^ 
to each other on substantially the same plane me 
Shtr type 3 photoplethysmograph sensors are m- 
mSv^sensora whtoh direct light from a light emitter to 
Z tm sector ^ • 

^SaTeatleasttwo^etie, 
toolethysmograph sensors in common use. The first* a 
"i^nSJ in which two pivotally ^erconnected 
fegslJa clip are resiliently biased toward eac* .other. 
Se o tne l£,s of the clip carries one or mor . 
ters and the other leg of the clip carnes a light detector 
■me : Tp-on transmissive sensor is clipped onto mj 
oatient's body part, such as afinger or ear *o that the 
Sgnt emitted ces the light detector with the body part 
Sebetween The principle disadvantage of clip-on 
SSe sensors is that they are generally some- 
S heavy and bulky, thus ^*™J%£££ 
obtrusive to wear. Furthermore, the <*^^ s ^™r 
applied to the body part can become "onMM 
after they are worn for a long penod of tome . Rna^iy 
sfnce clto-on transmissive sensors are heW «pc«»n 
onTbV Action, they can easily become dislodged as 
the patient moves. 



The o-W commonly used variety of emissive 
. P n S or uses a strip of adhesive having one or more Hght 
sensor uses a suv i- urfac8 a t one location and a 

JTi So OU to Goodman et al. Stick on transmissive 

Sons provided by markings on the outer surface o 
SJSSiKU, adjacent to both the light em,tter(s) 
and the light detector. 

hTtheU the adhesh/e strip is applied to the W 
of a pS with the alignment markings positioned 
olistte each other thereby ensuring alignment ol the 
S^emittlris) with the light detector. In practice, rt s 

in this manner for several reasons /^ t .' n ^ m !^ n °" 
sensors are often placed on a patient in emergency 
conSns where the medical practitioner does not have 
^ ♦^P to carefully apply the adhesive strip to the 

Second if the medical practitioner attaches 

Hs^^r^^ 

SCsorfom being in proper alignment any time the 
SKSw on a finger that does not have a £ 
nimterence of twice this spacing, i.e.. 40 or 50 mrn. 
SrSe thTalignment marks may be posrt-oned 
noSke each other so that axial alignment is proper 

from each other in a transverse direction. Thus, convert 
S Sck on transmissive photople^sm^raph sen- 
Srs are often not attached to the patient with the light 
S!rf B . orooerly aligned with the light detector 

3SsaK^:^f E 
^^^^^^ 

moveS^entually allowing the stick on photop- 
Xrograph sensor to detach from the R*'*"^ 
^ prevent these problems, medical practi . oners 
L tendency to use externa, means to secure the 
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sensor in place. However, the use of these external 
securing means can cut off blood flow and cause pres- 
sure necrosis in underlying tissues. These problems 
can also be caused by applying the stick on sensors too 
tightly. If the sensor has not been attached to the skin for 5 
such a long period that the strength of the adhesive has 
deteriorated, removal of the sensor from the patient, 
especially neonates, can tear the skin. 

Other problems associated with stick on photop- 
lethysmograph sensors are caused by the adhesive res- 10 
idue itself. First, adhesive residue invariably remains 
after the photoplethysmograph sensor has been 
removed from the finger of the patient. Second, sterili- 
zation agents in the adhesive residue and the adhesive 
itself may produce an allergic reaction when the sensor is 
is attached to the skin. 

For the above reasons, conventional stick on photo- 
plethysmograph sensors do not adequately solve the 
problem of attaching a transmissive photoplethysmo- 
graph sensor to a patient in a manner that not only 20 
ensures initial proper alignment, but also ensures that 
the alignment remains proper during use. 

Summary of the Invention 

25 

It is an object of the invention to provide a photop- 
lethysmograph sensor that can be installed correctly 
even by relatively untrained individuals. 

It is another object of the invention to provide a pho- 
toplethysmograph sensor that can be installed correctly 30 
without exercising a great deal of care and attention. 

It is another object of the invention to provide a self- 
aligning photoplethysmograph sensor that is readily 
adaptable to a variety of sensor functions, such as pulse 
oximetry. 35 

It is still another object of the invention to provide a 
transmissive photoplethysmograph sensor that does 
not use adhesive. 

It is a further object of the invention to provide a 
self-aligning photoplethysmograph sensor that is rela- 40 
tively inexpensive and is comfortable to wear due to its 
relatively light weight and small size. 

These and other objects of the invention are pro- 
vided by a photoplethysmograph sensor formed by a 
resilient web loop having an inner surface on which a 45 
light detector and a light emitter, such as a light emitting 
diode, are mounted substantially opposite each other. 
As a result, the light emitter is positioned opposite the 
light detector when the loop is stretched around a body 
part, such as a finger, with an inner surface of the loop so 
in contact with the body part. The photoplethysmograph 
sensor may include a second light emitter mounted on 
the inner surface of the loop adjacent the first light emit- 
ter so that the first and second light emitters are equidis- 
tant from the light detector, and thus both aligned with 55 
the light detector, when the loop is placed around the 
body part In the event that the first and second light 
emitters emits red and infrared light, respectively, the 
photoplethysmograph sensor may be used as a pulse 



oximetry sensor. The flexible, resilient web loop is pref- 
erably formed by an inner loop of a resilient material 
having the light emitter and the light detector mounted 
on its inner surface, and the inner loop is then sur- 
rounded by an outer loop of fabric. The photoplethysmo- 
graph sensor preferably also includes at least one 
conductive lead extending in a serpentine manner from 
the light emitter and from the light detector to a cable 
junction, and a cable connected at one end to the outer 
loop at the cable junction. The cable has a plurality of 
respective wires connected at one end to the conductive 
leads and at the other end to respective pins of a cable 
connector. 

Brief Description of the Drawings 

Figure 1 is an isometric view of a prior art transmis- 
sive photoplethysmograph sensor. 

Figure 2 is an isometric view of a presently pre- 
ferred embodiment of the inventive self-aligning photop- 
lethysmograph sensor. 

Figure 3 is a cross-sectional view taken along the 
line 3-3 of Figure 2. 

Figure 4 is a side elevational view of the sensor of 
Figure 2. 

Detailed Description of the Invention 

A prior art "stick on* transmissive photoplethysmo- 
graph sensor 10 is illustrated in Figure 1. The photop- 
lethysmograph sensor 10 is a pulse oximetry sensor of 
the type described in U.S. Patent No. 4,830,014 to 
Goodman et al. The sensor 10 includes a flexible strip 
12 having an inner surface coated with a layer of adhe- 
sive 14. The strip 12 has the appearance of a conven- 
tional Band-Aid®. A photodetector 16 is mounted on the 
same surface of the strip 12 and a pair of light emitters 
1 8, 20 are also mounted on the inner surface of the strip 
1 2 at a location spaced apart from the light detector 1 6. 

Although not shown in Figure 1, the sensor 10 may 
also be used by wrapping it around the finger F circum- 
ferentially so that it is perpendicular to the position 
shown in Figure 1. However, the above-mentioned prob- 
lems with the sensor 10 also exist when it is used in this 
manner. 

In use, the sensor 10 is placed on the finger F of a 
patient with the light emitters 18, 20 positioned opposite 
the light detector 16. By aligning the light emitters 18, 20 
with the light detector 16, the maximum quantity of light 
emitted by the light emitters 18. 20 passes through the 
finger F of the patient to the light detector 16. The out- 
side surface of the strip 12 contains an alignment (not 
shown) marking opposite the light detector 16 and a 
similar alignment marking (not shown) opposite the light 
emitters 18, 20. 

As explained above, it is often difficult in practice to 
ensure that the sensor 10 is placed on the finger F with 
the light emitters 18, 20 in proper alignment with the 
light detector 16. Even if the light emitters 18, 20 are 
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properly aligned with the light detector 16 in the longitu- 
dinal direction, as shown in Figure 1, the light emitters 
18, 20 may be transversely offset from the light detector 
16. Under these circumstances, the quantity of light 
passing from the light emitters 18, 20 to the light detec- 5 
tor 16 will not be optimal. Also, the nature of the adhe- 
sive 14 allows the strip 12 to creep during use thus 
altering the relative position between the light emitters 
18, 20 and the light detector 16. Finally, when the sen- 
sor 10 is removed from the finger F, a residue of adhe- 70 
sive 14 is invariably left on the surface of the finger F. 

A preferred embodiment of the inventive self-align- 
ing transmissive photoplethysmograph sensor 30 is 
best illustrated in Figure 2. The photoplethysmograph 
sensor 30 includes a loop 32 of resilient material, such is 
as, for example, a cloth weave containing elastic thread. 
The circumference of the loop 32 is slightly less than the 
circumference of a body part on which the sensor 30 is 
to be placed. As illustrated in Figure 2, the sensor 30 is 
adapted to be placed around the finger of a patient. A 20 
red light emitting diode 34 and an infrared light emitting 
diode 36 of conventional design are mounted on the 
inner surface of the loop 32. A photodetector 40 of con- 
ventional design is mounted on the inner surface of the 
loop 32 opposite the light emitting diodes 34, 36. Thus, 2s 
the light emitting diodes 34, 36 are equally spaced from 
the light detector 40. The light emitting diodes 34, 36 are 
attached to respective pairs of conductive leads, gener- 
ally indicated at 44 which extend from the light emitting 
diodes 34, 36 to a cable junction location 46 on the 30 
outer surface of the loop-32-Similariyr a^ pair of Heads^ 
generally indicated at 48. extend from the light detector 
40 to the cable junction location 46. The leads 44. 48 
run in a serpentine manner so that they will not break as 
the loop 32 is stretched for a placement around a finger, 35 
as described below. The leads 44, 48 may be secured 
to the loop 32 by any suitable means such as by weav- 
ing the leads 44, 48 through the loop (in the event that 
the loop 32 is formed by a weave) or by bonding the 
leads 44, 48 to the inner or outer surfaces of the loop 40 
32. The leads 44, 48 are connected to respective wires 
(not shown) in a sensor cable 50 that extends from the 
cable junction location 46 to a sensor connector 52 hav- 
ing a plurality of pins 54 which are connected to respec- 
tive wires (not shown) extending through the cable 50. 45 
The sensor connector 52 is connected to a conventional 
pulse oximetry monitor which applies appropriate sig- 
nals to the light emitting diodes 34, 36 through the con- 
nector 52 and cable 50 and receives signals from the 
light detector 40 through the cable 50 and connector 52. so 

Although not required, the loop 32 is preferably cov- 
ered by a cylindrical cloth jacket 60 which may be adhe- 
sively bonded to the loop 32. 

It will be apparent from an examination of Figure 2 
that, when the loop 32 is placed around a finger, the ss 
light emitting diodes 34, 36 will inherently be aligned 
with the light detector 40. In this manner, the optimum 
amount of light from the light emitters 34, 36 will be 
picked up by the light detector 40. As a result, it is not 



necessary' tb use a great deal of care in installing the 
sensor 30 on a patient, and alignment will be proper 
even in emergency conditions and/or where the patient 
is in motion. Furthermore, the light emitters 34, 36 will 
remain in alignment with the light detector 40 even after 
prolonged use of the sensor 30. Finally, since the loop 
32 is not adhesively bonded to the skin of the patient, an 
adhesive residue is not left on the skin of the patient 
after the sensor 30 has been removed. 

Although the sensor 30 is shown in Figure 2 as a 
pulse oximetry sensor having red and infrared light 
emitting diodes, 34, 36, respectively, it will be under- 
stood that the inventive self -aligning photoplethysmo- 
graph sensor can be used for other purposes. For 
example, a photoplethysmograph used to monitor the 
pulse rate of a patient would have a single light emitter 
and a single light detector. Also, the sensor may be 
used to monitor any blood constituent lending itself to 
non-invasive measurement. 

The manner in which the self-aligning photoplethys- 
mograph sensor 30 inherently ensures alignment of the 
light emitters 34, 36 with the light detector 40 is illus- 
trated in Figure 3. As shown therein, the loop 32 is 
placed around the finger F of a patient. The geometry of 
the light emitters 34, 36 relative to the light detector 40 
ensures that the light emitting diodes 34. 36 are longitu- 
dinally aligned with the light detector 40. Furthermore, 
as illustrated in Figure 4, the geometry of the light emit- 
ting diodes 34, 36 relative to the light detector 40 
ensures that the light emitting diodes 34, 36 are aligned 
transversely-with the-Kght-detector 40^ 

Although the inventive sensor is shown in use on a 
finger, it will be understood that it may also be used on 
other body parts including neonate wrists, neonate 
ankles, neonate palms, neonate feet, neonate arms and 
legs, and toes, to name a few. 

It is thus seen that the inventive transmissive photo- 
plethysmograph sensor ensures proper alignment both 
initially and after subsequent use even though it is 
placed on the finger of a patient without a great degree 
of care. Although the sensor 30 is shown for installation 
on a finger, it will be understood that it may also be eas- 
ily adapted for installation on other body parts. It will 
also be evident that, although specific embodiments of 
the invention have been described herein for purposes 
of illustration, various modifications may be made with- 
out deviating from the spirit and scope of the invention. 

Claims 

1 . A self-aligning photoplethysmograph sensor, com- 
prising: 

a resilient web loop having a circumference 
smaller than the circumference of a body part on 
which said photoplethysmograph sensor is to be 
used so that said loop stretches when said loop is 
placed around the body part with an inner surface 
in contact with the body part; 

a first light emitter mounted on an inner sur- 
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face of said loop so that light emanating from said 
light emitter is incident on the body part when said 
loop is placed around the body part; and 

a light detector mounted on an inner surface 
of said loop substantially opposite from said light 5 
emitter so that segments of said loop between said 
light emitter and said light detector are of substan- 
tially equal length whereby when said loop is placed 
around a body part light shining through the body 
part from the light emitter is incident on the light 10 
detector. 

2. The self-aligning photoplethysmograph sensor of 
claim 1 further including a second light emitter on 
the inner surface of said loop adjacent said first light 15 
emitter, said first and second light emitters being 
positioned substantially equidistant from said light 
detector. 

3. The self-aligning photoplethysmograph sensor of 20 
claim 2 wherein said first light emitter emits red 
light, and said second light emitter emits infrared 
light whereby said sensor may be used as a pulse 
oximetry sensor. 

25 

4. The self-aligning photoplethysmograph sensor of 
claim 1 wherein said resilient web loop comprises: 

an inner loop of a resilient material having . 
said light emitter and said light detector mounted on 
an inner surface thereof; and so 

an outer loop of fabric surrounding to said 
inner loop. 

5. The self-aligning photoplethysmograph sensor of 
claim 4, further comprising: 35 

a respective pair of conductive leads extend- 
ing in a serpentine manner from said light emitter to 
a cable junction and from said light detector to said 
cable junction; 

a cable connected at one end to said outer 40 
loop at said cable junction, said cable having a plu- 
rality of respective wires connected to said conduc- 
tive leads; and 

a cable connector connected to the other 
end of said cable, said cable connector having a 45 
plurality of conductive pins connected to respective 
wires of said cable. 

6. The self-aligning photoplethysmograph sensor of 
claim 1 , further comprising: so 

a respective pair of conductive leads extend- 
ing through said loop in a serpentine manner from 
said light emitter to a cable junction and from said 
light detector to said cable junction; 

a cable connected at one end to said loop at 55 
said cable junction, said cable having a plurality of 
respective wires connected to said leads; and 

a cable connector connected to the other 
end of said cable, said cable connector having a 



plurality of conductive pins connected to respective 
wires of said cable. 

. A self-aligning pulse oximetry sensor, comprising: 
a resilient web loop having a circumference 
smaller than the circumference of a body part on 
which said photoplethysmograph sensor is to be 
used so that said loop stretches when said loop is 
placed around the body part with an inner surface 
in contact with the body part; 

a red light emitting diode mounted on an 
inner surface of said loop so that light emanating 
from said red light emitting diode is incident on the 
body part when said loop is placed around the body 
part; 

an infrared light emitting diode mounted on 
an inner surface of said loop adjacent said red light 
emitting diode so that light emanating from said 
infrared light emitting diode is incident on the body 
part when said loop is placed around the body part; 

a light detector mounted on an inner surface 
of said loop substantially equidistant from each of 
said light emitting diodes so that light from the light 
emitting diodes shines through the body part and is 
incident on the light detector when said loop is 
placed around the body part; 

at least one conductive lead extending 
through said loop in a serpentine manner from a 
cable junction to each of said light emitting diodes 
and to said light detector; 

a cable connected at one end to said loop at 
said cable junction, said cable having a plurality of 
respective wires connected to said conductive 
leads; and 

a cable connector connected to the other 
end of said cable, said cable connector having a 
plurality of conductive pins connected to respective 
wires of said cable. 

The self-aligning pulse oximetry sensor of claim 7, 
wherein said resilient web loop comprises: 

an inner loop of a resilient material having 
said light emitting diodes and said light detector 
mounted on an inner surface thereof; and 

an outer loop of fabric surrounding to said 
inner loop. 

A method of determining the transmissivity of light 
through a body part, comprising: 

providing a loop of resilient material having a 
circumference smaller than the circumference of 
the body part 

mounting a first light emitter on an inner sur- 
face of said loop 

mounting a light detector on an inner surface 
of said loop substantially opposite from said light 
emitter so that segments of said loop between said 
light emitter and said light detector on opposite 
sides of said light detector are of substantially equal 
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length; and 

stretching said loop and placing it around the 
body part with the inner surface of the loop in con- 
tact with the body part so that light emanates from 
said light emitter, passes through the body part, 5 
and is incident on the light detector. 

10. The method of claim 9 further including the step of 
mounting a second light emitter on the inner sur- 
face of said loop adjacent said first light emitter with 10 
said first and second light emitters positioned sub- 
stantially equidistant from said light detector. 

1 1 . The method of claim 9 wherein said loop has a cir- 
cumference that is slightly smaller than the circum- 15 
ference of a human finger, and wherein said step of 
stretching said loop and placing it around the body 
part comprises stretching said loop and placing it 
around the finger. 
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Fig. 2 
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